.
Thermal conductivity of a pair of microporous fumedsilica insulation boards with a mean density of 301 kg/m3 , at a mean temperature of 318 K (45 oC). Measurements were performed in air at ambient humidity and at pressures ranging from 40 to 83.5 kPa (626 Torr) using the NIST/B high-temperature guarded hot plate.
Temperature differences through the specimens were chosen to be about 10 percent of the value of the mean temperature within the specimens.
The Great care will be necessary in handling these specimens.
An evaluation lot comprising 10 specimens of this material was originally obtained by NIST/G [4] The specimens as received were about 2.5 cm in thickness and 60 cm square.
After measurements of thermal conductivity were performed in the 1 -meter GHP at NIST/G, a selected pair of specimens was cut into 30 cm squares and shipped to NIST/B.
Two specimens for which thermal conductivity measurements are reported here had a mean density of 301 kg/m® (18.8 Ibm/ft®).
MEASUREMENTS
For brevity, we shall use the term "thermal conductivity" to denote the term "apparent thermal conductivity" in the following text.
Analysis of our data in the following section suggests that radiative heat transfer in this microporous fumed-silica board is not negligible, but, near room temperature, contributes only a small amount in comparison to conductive heat transfer.
Because of the density and microporosity of this material, convective heat transfer is totally negligible.
Thermal conductivity is therefore an appropriate descriptor of the heat-transfer behavior of this material over the temperature range studied.
The thermal conductivity data reported here were obtained with the high-temperature guarded hot plate described by Bust, Filla, Hurley, and Smith [5] . The diameter of this circular hot-plate stack is 25 cm (10 in) , and the area of the metered main heater has a diameter of 12.5 cm (5 in).
The specimens were received as square slabs nominally 300 mm on a side.
The measurement apparatus requires disks 250 mm in diameter, so disks were cut from the square slabs by using a bandsaw set to a low cutting speed.
The material is very easily cut and the disk was not damaged during the cutting.
The annular material making up the rest of the square is sometimes split during the cutting, however.
Because the material generates air-borne dust during machining operations, prudence requires the use of a dust mask by the person cutting this material.
Although the material from which the insulation is manufactured is not toxic, the dust is very fine and is borne by stray air currents over distances of several meters.
We measured the thickness of each specimen using a digital electronic caliper with a precision of 0.03 mm (0.001 in). Measurements of thickness were made at eight locations equally spaced around the perimeter of the disk, and the measurements were averaged.
The standard deviation of the thickness measurements is 0.08 mm for a nominal specimen thickness of 25 mm (relative standard deviation of 0.3%).
Using a steel ruler that had a precision of 0.25 mm, we measured the diameter of each specimen along four different directions, and the results averaged.
The standard deviation of these measurements was 0.8 mm for a nominal diameter of 255 mm (relative standard deviation of 0.3%).
Masses of the specimens were measured on a laboratory trip balance with a sensitivity of 0.1 g for a typical mass of about 400 g (relative imprecision of 0.03%).
The density can be determined from these measurements with a precision of + 0.5%.
The mass of each specimen decreased by about 3 g from conditioning in an oven at 90°C before the thermal conductivity was measured, and then increased by about 2 g during the measurement, as revealed by the mass of the specimen upon removal from the apparatus.
These changes in mass due to the rigors of conditioning and measurement amount to about 0.8% uncertainty in the density.
After the specimens were installed in the apparatus they were heated to the highest temperature of measurement before the thermal conductivity was measured.
There is no evidence in the thermal conductivity data that phase changes occur in the material below 4750 C, the highest temperature to which the specimens (that is, their sides adjacent to the hot main plate) were exposed during measurements.
There does seem to be some adsorption of moisture, which must be driven off before measurements are stable.
We found it necessary to repeat measurements two or more times at a given mean temperature until the values obtained did not vary by more than the experimental reproducibility (0.5% for this apparatus).
The thermal conductivity of this pair of specimens was measured at mean temperatures up to 723 K (450<>C) with air at ambient pressure and humidity in the environmental chamber.
Absolute temperatures and temperature differences were stabilized and measured with a precision of 0.02%.
The precision of the measurement of thermal conductivity was estimated to be 0.5% at 330 K, and 0.7% at 720 K.
The bias was estimated to be 1.5% at 330 K and 2.5% at 720 K.
In 
where k is in mW/(m-K) and T is in K. This correlation was obtained using a weighted least-squares fit and the thermal conductivityintegral (TCI) method [6] .
The curve in figure 1 representing the thermal conductivity as a function of temperature is seen to have very little curvature. Also, relatively small temperature differences were imposed on the specimens during these measurements.
Thus it would not be necessary to use the TCI method to fit these data.
The TCI method is indicated for use whenever measurements are made with large differences in the boundary temperatures of the specimen and with appreciable curvature in the thermal conductivity function over the included range of temperature.
However, we always use the TCI method as a matter of course, whether or not the data seem to have enough curvature to require the method.
This ensures that no additional errors are ever introduced by our fitting procedure due to nonlinearity in the fitted function.
The 38 thermal conductivity data kmeas used to determine this dependence of k on temperature are plotted as open circles in figure   1 ; the correlation given by eq(l) is plotted in figure 1 as the solid line.
The deviations of the data from values of kcaic computed from eq(l) are plotted in figure 2 and are listed in the last column of table 1 .
The standard deviation of the data from the fitted curve is 0.21%.
The curvature of the solid line in figure 1 is correlated with the T^term in eq(l), which, being nonlinear, grows larger relative to the other two terms with increasing temperature. This T3 term is related to the contribution of radiative heat transfer to the total heat transfer through the material.
At 297 K the magnitude of this term is 0.5 mW/(m* K) out of a total apparent conductivity of 19.7 mW/(m-K), or 2.6% of the total. At 700 K the magnitude of the Tt erm is 6.8 mW/(m-K) out of a total of 26.9 mW/(m-K), or 25.3% of the total.
Thus in this range of temperature, the radiative contribution to the total heat transfer is becoming appreciable. figure 3 ; the correlation given by eq(2) is plotted in figure 3 as the solid line. Deviations of the data from values of kcaic computed from eq(2) are plotted in figure 4 and Because the form of the k dependence given by eq(2) is nonlinear (quadratic dependence on P), the rate of change of k with pressure changes with pressure. Figure 2 shows that the slope of k versus P is steeper at lower pressures and less steep at' higher pressures.
For this fumed-silica insulation the rate of change of k with pressure P, or slope of the k(P) function plotted in figure 2, is given by the mathematical first derivative of the k(P) function: dk/dP = 0.17436 -2 * 5.6095 * 10-4 p. Rather, the k(P) relation itself, given by eq(2), should be used. If this material is adopted as an SRM, users will have to be cautioned to exercise great care in handling it when measuring its mass and physical dimensions, when conditioning it to proper moisture content, and when installing it in, and removing it from, measurement apparatus.
The material is made from extremely fine particles, and fine airborne dust is easily generated during sawing or other machining operations.
Use of a dust mask should be required of those machining the material when preparing to install it into a measurement apparatus.
The relatively low thermal conductivity of this material, its apparent stability under exposure to temperatures as high as 500© C, its freedom from phase changes, and its inorganic composition are useful and desirable properties for a new SRM.
While the correlation of thermal conductivity with temperature seems to indicate the presence of some radiative heat transfer, this radiative component seems to be relatively small in comparison to the total apparent thermal conductivity.
This suggests that the total heat transfer is due mostly to conduction through the microporous solid and the entrapped gas within the pores 7. REFERENCES [1] Bust, J.G. 
